INTRODUCTION
The procedures of resin composite restoration are theoretically composed of the steps of enamel etching, dentin conditioning, dentin priming, and dentin bonding agent application prior to resin composite filling, although most of the commercial systems have been simplified by combining some of these five steps. In these procedures, the smear layer on the cavity wall is removed and the surface characteristics of the dentin surface are alternated to be suitable for bonding with resin materials. The detailed mechanism of dentin priming and the possible chemical or physical interaction between the adhesive monomer in the dentin bonding agent and the component in the substrate dentin have not been clarified completely. In addition, the bonding mechanism between the resin and the dentin has been explained by the impregnation of a monomer into the microspace of the interf ibrous collagen network which is exposed by acid etching of the dentin conditioner and then expanded by the dentin primer1-6). This speculation suggests that the resin materials bond not to the inorganic component but physically to the organic component of the dentin.
However, Wu et al.7) and Manabe et al.8) clarified that both the calcium in the dentin cavity wall and the functional monomer such as 10-methacryloxydecyl dihydrogen phosphate (10-MDP) or 4-methacryloxyethyl trimellitate anhydride (4-META) were mandatory to obtain marginal adaptation of the resin composite in the dentin cavity. Furthermore, they reported that the contraction gap width of a lightcured resin composite filled into an experimental dentin cavity increased in relation both to the reduction of calcium content in the dentin cavity wall and to the absence of a functional monomer in the dentin bonding agent. These findings strongly suggested that the chemical interaction between the calcium in the dentin and the phosphate or the carboxylate groups of the functional monomer was essential for marginal integrity of the resin composite restoration.
In spite of the above described speculation regarding the dentin bonding mechanism, the restorative procedures of the commercial dentin bonding systems have been simplified by the introduction of the total-etching technique or the self-etching dentin primer, although no consistent evaluation of their bonding effectiveness has been reported.
The purpose of the present study was to examine the effectiveness of three commercial dentin bonding systems.
MATERIALS AND METHODS
Three commercial dentin bonding systems were tested and are listed in Table 1 .
Measurement of the contraction gap width
The proximal enamel of an extracted human molar, which was stored in a ref rigerator for a maximum of four weeks after extraction, was flatly eliminated on a wet Table  1 Dentin  bonding  systems  tested Table  2 Bonding procedures of KB-1300 Analysis of the calcium loss in the conditioned dentin Dentin disk of extracted human molars was prepared by grinding the occlusal enamel of extracted human molars. Half of the dentin was covered with an adhesive tape and the other half was conditioned with the conditioner from the commercial dentin bonding system. Then the dentin surface was coated with carbon and the calcium content of the conditioned and not-conditioned dentin was analyzed at ten points on both surfaces using an energy dispersion electron microanalyser (EDS) (Delta-IV EDX, Kevex, CA, USA) mounted on a scanning electron microscope.
The remaining calcium content was calculated as the calcium content of the conditioned dentin as a percentage of the non-conditioned dentin. Five specimens for each dentin bonding system, 20 in total, were prepared.
SEM observation
The cervical margin of the cylindrical dentin cavity described in the contraction gap measurement was dehydrated in gradual ethanol and vacuum evaporated with carbon and platinum.
The morphology of the marginal adaptation was observed using a scanning electron microscope (Hitachi S-700, Tokyo, Japan) with an acceleration voltage of 15kV.
Statisitical analyses
The values of tensile bond strength and calcium loss due to dentin conditioning were analyzed statistically by Student's t-test.
RESULTS
The contraction gap, tensile bond strength and remaining Ca-content after dentin conditioning are shown in Table 5 . Complete marginal adaptation was obtained in the positive control group. In the specimens of the three commercial simplified dentin-bonding systems, gaps were observed in seven, nine and nine out of ten speci- correlated well with that observed in the cylindrical dentin cavity for contraction gap width measurement. This finding strongly suggests that the effectiveness of the dentin bonding system should be evaluated consistently by the contraction gap measurement. In order to obtain bonding of the dentin and resin composite, it is important to maintain the attachment between the unpolymerized resin composite paste and the dentin cavity wall until the completion of polymerization contraction of the resin composite in a three dimensional dentin cavity. Therefore, it is mandatory for the establishment of complete marginal adaptation to keep the calcium and monomer concentration at the adhesive interface high and to eliminate polymerization inhibitors, such as oxygen in the air and water from the dentin. Thus, it is possible to prevent interfacial separation between the resin composite and the dentin cavity wall. Discussion about the stress destroying the two-dimensional bonding between the resin composite and the flat dentin (i.e. bond strength measured) has little significance for the marginal adaptation of the resin composite. In this examination, significantly high bond strength was obtained by using MB II although the effectiveness of this system was judged to be poor because complete marginal adaptation was observed in only one out of the ten prepared specimens. 
